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I M PLANT AT I NG IONS IN SHALLOW TRENCH ISOLATION STRUCTURES 

Background 

The present invention relates generally to the field 
of integrated circuit manufacturing, and more specifically, 
to methods and structures for providing isolation between 
circuit elements. 

Advances in semiconductor manufacturing technology 
have led to the integration of millions of transistors onto 
a single integrated circuit (IC) . In order to reach these 
levels of integration, all the elements that go into such 
an IC must be shrunk. It is desirable to reduce the size 
of the transistors and interconnect lines that make up the 
bulk of an integrated circuit. However, modern metal -oxide 
semiconductor (MOS) integrated circuits have also addressed 
the design and implementation of isolation structures to 
increase the density of ICs. 

The state of the art isolation scheme in manufacturing 
integrated circuits is shallow trench isolation (STI) , in 
which shallow dielectric trenches electrically separate 
neighboring transistors. For example, STI is a preferred 
isolation structure for 0.25 micron and smaller 
topographies. To form an STI structure, trenches are made 
by etching the silicon substrate, filling the trench with 
dielectric material such as silicon oxide, and 
planarization of the substrate by chemical mechanical 
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polishing (CMP) . An underlying nitride layer may be used 
as a barrier and/or hard stop to CMP. 

To ensure that all of the dielectric material is 
removed by CMP, or because of non-uniformity in the 
thickness of the dielectric layer, a certain amount of 
over-polish may be continued after the underlying barrier 
layer is reached. The polish rate of dielectric material 
such as silicon oxide typically is significantly faster 
than that of the nitride or other barrier layer, so 
unwanted topography may result from the over-polishing. 
For example, the difference between oxide and nitride 
polish rates may lead to dishing in the surface of the 
dielectric layer and/or roughening the surface of the 
dielectric layer. 

Another inherent problem in polishing patterned oxides 
with an underlying barrier layer is that the die pattern 
itself also affects the polish rate. This is due to the 
fact that some local areas of the die pattern may have a 
little oxide surrounded by a lot of nitride, so that region 
of the die pattern assumes the polish characteristics of 
the nitride, whereas in other areas of the pattern the 
opposite can occur. 

The result is different polish characteristics within 
the same die, resulting in within-die topographical non- 
uniformity that can be a problem during patterning 
processes later in the process flow. This may adversely 
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influence the objective of creating a smooth topography- 
needed for subsequent overlying insulator and conductor 
structures, compromise the isolation performance of the 
STI, and cause leakage current across devices adjacent the 
STI structure. 

Efforts have been made to reduce within-die variation 
due to pattern density. For example, specific design rules 
may be used to reduce within-die variation, and optimal 
within-die thickness profiles may be determined through 
process experimentation. Additionally, nitride Mummy 
structures" have been placed within the die, particularly 
in large open isolation regions, in efforts to minimize the 
local area over-polish due to the higher removal rates of 
oxide or other dielectric. 

However, there remains a need for an STI structure 
that reduces or eliminates unwanted topography in the STI 
structure, improves the STI isolation performance, reduces 
the probability of leakage current across devices adjacent 
the STI structure, and provides a smoother topography for 
subsequent overlying insulator and conductor structures. 

Brief Description of the Drawings 
FIG. 1 illustrates, in the form of a flow diagram, a 
method of forming shallow trench isolation (STI) structures 
in accordance with one embodiment of the present invention. 
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FIG. 2 is a flow diagram of a method of forming STI 
structures according to an embodiment of the invention. 

FIGS. 3a - 3d illustrate a cross-sectional view of a 
portion of a semiconductor substrate that may result after 
certain steps are used to make STI structures in accordance 
with one embodiment of the present invention. 

Detailed Description 

FIG. 1 illustrates, in the form of a flow diagram, a 
method in accordance with one embodiment of the present 
invention. In block 101, a trench is formed in a 
semiconductor substrate surface. To form the trench, a 
patterned masking layer may be formed over the surface of a 
silicon substrate, the pattern having openings which expose 
portions of the underlying substrate. For example, the 
patterned masking layer may include a nitride barrier layer 
over a pad oxide. The exposed portions of the substrate 
are etched, typically in a plasma etcher, to form trenches. 
The trenches also may be thought of as recesses in the 
surface of the substrate. 

In block 102, a dielectric layer, also referred to as 
a bulk material, typically an oxide of silicon, may be 
deposited over the substrate and partially or completely 
fill the trench. For example, the dielectric layer may be 
formed by high density plasma chemical vapor deposition 
(HDPCVD) . 
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In block 103, ions are implanted into the dielectric 
layer. The ions may be dopants or chemically neutral 
species. The particular dopant or species, depth and 
concentration may be selected depending on the desired CMP 
polish rate and/or polish selectivity. Polish selectivity 
refers to the relative polish rate of different materials 
being removed simultaneously. Ion implantation will affect 
different materials' polish rates differently, so the 
polish selectivity of those materials may be modified. 

In block 104, CMP is performed to planarize the 
surface of the structure. During CMP, the dielectric and 
some of the implanted regions may be polished away and 
removed. The CMP polish rates of the dielectric may be 
affected by the ion implantation. In general, ion 
implantation that is performed after deposition of the 
dielectric layer can increase the polish rate of the 
dielectric . 

FIG. 2 shows a flow diagram according to an embodiment 
of the invention in which the semiconductor substrate has a 
nitride barrier layer. In block 201, a nitride layer is 
formed on the wafer surface. The nitride layer has a first 
polish rate. Optionally, ions may be implanted into the 
nitride layer at this stage of the process to form a region 
with a polish rate different from the nitride polish rate. 
In block 202, recesses are etched in the wafer surface. In 
block 203, an oxide layer is formed on the wafer surface 
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and in the recesses. The oxide layer has a second polish 
rate. In block 2 04, ions are implanted into the oxide 
layer to form a region with a third polish rate different 
from the oxide or nitride polish rates. In block 205, the 
wafer surface is polished to remove at least some of the 
oxide layer and the implanted region. 

For structures that include a nitride layer, as shown 
in the flow diagram of FIG. 2, ion implantation into the 
dielectric layer will increase the polish rate of the 
dielectric layer more than the polish rate of the barrier 
layer, effectively increasing the oxide/nitride polish 
selectivity. Alternatively, if ion implantation is 
performed after formation of the patterned masking layer, 
but before formation of trenches in the substrate, ion 
implantation may affect the CMP polish rate of the barrier 
layer without affecting the polish rate of the dielectric 
layer. Ion implantation prior to formation of trenches can 
increase the nitride polish rate, effectively reducing the 
oxide/nitride polish selectivity. 

The choice of ions to be implanted to form doped 
regions in the dielectric and/or barrier layer may be, but 
are not limited to, silicon, carbon, nitrogen, or oxygen. 
The species, dosage and energy of the ion implantation can 
affect the CMP polish rate and polish selectivity. For 
example, it was found that polish rates can vary 
significantly with dosage rates. 
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A test was performed to compare CMP polish rates for 
different ion implantation dosage rates into high-density 
plasma (HDP) oxide with a thickness of 6000 A. In the 
following examples, the numerical values for the dosages 
are given in scientific notation, where E represents the 
base ten and the numeral following E represents the 
exponent of base ten. 

Without ion implantation, the CMP polish rate was 1021 
A/minute in the region of the wafer within 122 mm of the 
wafer center. After silicon ions were implanted into the 
HDP oxide, at a dose of 2 . 0E15 ions/cm 2 with an energy of 80 
keV, the CMP polish rate was 12 83 A/minute in the same 
region of the wafer. Silicon ions also were implanted into 
the HDP oxide, at a dose of 6.0E15 ions/cm 2 with an energy 
of 80 keV, and the CMP polish rate was 1210 A/minute. 
Thus, ion implanted regions were found to have polish rates 
different from pre-implanted regions. 

In accordance with one embodiment of the invention, 
ion implantation dosages generally may be between 
approximately 1.0E15 and 5.0E16 ions/cm 2 , and the energy may 
be between approximately 5 keV and 8 0keV. 

FIGS. 3a - 3d show cross sections of structures that 
result after using certain steps according to one 
embodiment of the invention in which STI structures are 
formed in a semiconductor substrate. FIG. 3a shows a 
partially processed semiconductor wafer in which trenches 
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303 are formed as recesses in substrate 300. Substrate 300 
may be any surface, generated when making an integrated 
circuit, upon which one or multiple conductive layers 
and/or devices may be formed. 

In FIG. 3a, oxide pad layer 3 01 may be formed on the 
substrate by thermal oxidation or chemical vapor 
deposition. Its major function is to serve as a pad for 
barrier layer 3 02 which may be silicon nitride or other 
masking material. The pad oxide 301 typically is about 100 
A thick and nitride barrier layer 302 is about 900 to 1400 
A thick. The nitride barrier layer 3 02 serves as a mask to 
protect the active regions when trenches 3 03 are formed in 
the substrate by etching or other processes. The trench 
regions are etched to a depth of approximately 2000 to 5000 
A. 

As shown in FIG. 3b, a partially processed 
semiconductor wafer is shown after the dielectric layer 3 04 
is deposited over the substrate and fills up the trench 
regions. The thickness of the deposited dielectric layer 
may be between approximately 2000 and 20,000 A. This 
dielectric layer is typically an oxide of silicon that may 
be formed by high density plasma chemical vapor deposition 
(HDPCVD) , plasma enhanced chemical vapor deposition 
(PECVD) , or similar processes. Although preferably made of 
silicon dioxide, dielectric layer may be made from other 
bulk materials that may insulate one conductive layer from 
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another, including organic polymers selected from the group 
that includes polyimides, parylenes, polyartylethers, 
polynaphthalenes, polyquinolines , or copolymers thereof. 

As shown in FIG. 3c, a partially processed 
semiconductor wafer is shown in cross section according to 
one embodiment of the invention, in which ion implantation 
305 is performed to place ions 306, i.e., dopants and/or 
chemically neutral species, in dielectric layer 304 and 
barrier layer 302. The ion implantation into the 
dielectric layer may be to a depth D that is at or near the 
level of the barrier layer. The ion implantation is at a 
sufficient depth and of a sufficient concentration to 
affect the polish rate of the dielectric layer and/or 
barrier layer into which the implantation is made, and may 
damage the dielectric and/or the barrier layer. Thus, the 
implanted region has a polish rate that is different from 
the polish rates of the pre- implanted dielectric layer 
and/or barrier layer. 

In another embodiment of the invention, ion 
implantation may be performed into the barrier layer before 
the trenches are etched into the substrate and before the 
deposition of dielectric material. In this embodiment, the 
ion implantation affects the polish rate of only the 
barrier layer rather than the dielectric layer. 

FIG. 3d shows a partially processed semiconductor 
wafer 300 in cross section, after CMP is used to polish and 
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planarize the semiconductor wafer to surface 309. To 
assure removal of the dielectric except that which is 
remaining inside trench regions 303, some over-polish may 
be performed. During the removal of dielectric, the 
implanted ion regions also may be partially or completely 
removed. The overpolish also may remove some of the 
barrier layer including regions with implanted ions. The 
remaining barrier layer 308 may have a reduced thickness. 
In one embodiment, material with ions implanted above 
surface 309 will be removed by CMP, and material with ions 
implanted deeper than surface 309 will not be removed by 
CMP. 

Ion implantation may affect the CMP polish rate and 
polish selectivity of the material (s) into which the ions 
are implanted, i.e., the dielectric material and/or the 
barrier layer. The magnitude of the effect is a function 
of the dopant species implanted, the interaction between 
the implanted species, species dose, concentration, depth, 
and the bulk material into which the ions are implanted. 
Ion implantation affects different materials' polish rates 
differently, so the relative polish rates, i.e., polish 
selectivity, of those materials may be different. 

Embodiments of the present invention include shallow 
trench isolation (STI) structures that may be formed by 
etching one or more trenches into the surface of a 
substrate, adjacent to and in alignment with a patterned 
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masking layer. Ions are implanted into the dielectric 
and/or the barrier layers used in forming the STI 
structure, affecting the CMP polish rate and polish 
selectivity of those layers. Ion implantation into the 
dielectric and/or barrier layers allows more uniform CMP 
polish rates and smoother topography for subsequent 
overlying insulator and conductor structures. 

While the present invention has been described with 
respect to a limited number of embodiments, those skilled 
in the art will appreciate numerous modifications and 
variations therefrom. It is intended that the appended 
claims cover all such modifications and variations as fall 
within the true spirit and scope of this present invention. 
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